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Objectives . The purpose of this study was to test the hypothesis
that segmental wall motion analysis determined from gated planar
technetium-99m sestamibi myocardial imaging is reproducible
and agrees well with echocardiographic data .
Background. Technetium-99in sestamibi is a new radiophar
lmacenfical recently approved for myocardial perfusion imaging .
Its advantages include a dosimetry that allows use of a dose 10 to
15 times higher than that of thallium-201 . As a result, myocardial
counts are markedly improved and images can be collected in a
gated mode to potentially allow assessment of global and segmen-
tal ventricular function . However, the reproducibility and accu-
racy of technetiam-99m sestanlibi imaging for measurement of
global and segmental left ventricular function have not been
evaluated or compared with those of a standard ventricular
function technique, such as echocardiography .
Methods . We studied 136 patients referred for clinical
technethim-99m sestamibi imaging . One-day rest-stress planar
technetium-99m sestamibi protocols were used, gating the stress
Technetium-99m sestamibi is a newly approved radiophar-
maceutical for myocardial perfusion imaging that has several
advantages over thallium-201 . The shorter half-life of only
6 h of technetium-99m results in a dosimetry that allows
injection of doses 10 to 15 times higher than those of
thallium-201 (1,2) . In combination with its higher energy,
this results in substantially improved imaging characteris-
tics. Of importance, there are sufficient counts in each image
to allow a gated acquisition for assessment of global and
segmental myocardial contraction in addition to myocardial
perfusion. Global and regional left ventricular contraction
has been assessed with technetium-99m sestamibi using a
multicrystal camera and first-pass technique (3-6) . How-
ever, the utility of gated imaging has not been fully de-
scribed. A recent report demonstrated correlation between
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images. After technetium-99m sestamibi imaging, all patients had
standard rest two-dimensional echocardiography . Global and
segmental technetium-99m sestamibi and echoeardiographic left
ventricular contraction was graded qualitatively as normal or
abnormal using a four-point grading system .
Results . Interobserver and intraobserver agreement was ex-
tremely high for global and segmental technetium-99m sestandbi
wall motion analysis, with absolute agreements ranging from 0 .92
to 1 .00 and corresponding kappa values of 0 .74 to 1 .00 (p <
0 . 1) . Agreement with global and segmental echocardlo-
graphic wall motion was similarly very high, with absolute
agreements ranging from 0 .93 to 1 .09 and corresponding kappa
values of 0 .75 to 1 .00 (p < 0 .00001) .
Conclusions. Gated technetium-99m sestamibi cardiac imaging
provides information with regard to rest global and segmental left
ventricular systolic function that is highly reproducible and agrees
very well with results of two-dimensional echocardiography .
(J Ant Coll Cordial 1994;23:141-5)
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segmental myocardial perfusion and gated regional wall
motion (7) . However, the reproducibility of measuring global
and segmental left ventricular contractile function by gated
technetium-99m sestamibi imaging and its accuracy compared
with that of more standard, accepted methods of evaluating
ventricular function, such as two-dimensional echocardiogra-
phy, is unknown. Therefore, we studied 136 patients referred
for clinical technetium-99m sestamibi myocardial imaging who
underwent same-day two-dimensional echocardiography to
test the hypothesis that global and segmental left ventricular
systolic function determined from gated technetium-99m ses-
tamibi images is reproducible and agrees well with contractile
function determined echocardiographically .
Methods
Patients . The study cohort comprised 136 patients re-
ferred to the Nuclear Cardiology Laboratory at the Medical
Center Hospital of Vermont for clinically indicated exercise
or dipyridamole technetium-99m sestamibi myocardial imag-
ing
. The cohort included 81 men and 55 women with an
overall mean age ± SD of 52 ± 12 years .
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Teclme6um.99m sestamibi my
' g acquisi-
tion
. All patients underwent a standard rest-stress 1-day
technetium-99m sestamibi protocol
. Patients received
7.5 mCi of technetium-99m sestamibi at rest
. Standard
planar static imaging in the
anterior, left lateral and left
anterior oblique projections that best separated the left ven-
tricle from the right ventricle was begun 60 min after
injection . Patients then underwent stress testing with either a
standard Bruce treadmill (109 patients) or a dipyridamole (0 .56
mg/kg body weight) (27 patients) protocol . At peak stress,
22
.5 mCi of technetium-99m sestamibi was injected . After
60 min,
16-frame gated planar imaging was performed in the
same three projections .
Tedmedum-99m sestamibi myocardial i ' g analysis.
The three image projections for each patient were presented
for analysis in an endless cine loop after nine-point smooth-
ing. Each image was divided into three segments : anterolat-
eral, apical and inferior in the anterior projection ; anterior,
apical and inferior in the left lateral projection; and septal,
inferoapical and posterior in the left anterior oblique projec-
tion. Each of the nine segments was then qualitatively graded
using a four-point scale (0 to 3) : 0 = normal ; l = mild-moderate
hypokinesia ; 2 = severe hypokinesia; 3 = akinesia/dyskinesia.
Global left ventricular systolic function was qualitatively as-
sessed on a four-point scale as follows : I = normal; 2 = mildly
impaired; 3 = moderately impaired ; 4 = severely impaired .
Each study was analyzed by two experienced investigators
who were unaware of each other's data and of all clinical and
echocardiographic information . In addition, one observer read
each study twice -4 months after the initial analysis and
without access to the previous results . All data were entered
into a standard data form by a research assistant .
Segmental myocardial uptake on the stress images was
assessed from a static image consisting of the sum of the 16
frames for each projection . For each projection, the myo-
cardial images were divided into three segments as for the
regional wall motion analysis described earlier . Segmental
uptake was then graded as follows : 0 = normal ; I = mild
defect; 2 = moderate defect ; or 3 = severe defect .
Two-dimensional echocardiography . Two-dimensional
echocardiograms were performed immediately after the
completion of the stress technetium-99m sestamibi acquisi-
tion with a phased-array ultrasonoscope device (Acuson
XP-5) using a 2.5-MHz transducer. Images were obtained in
sequential fashion from the parasternal long- and short-axis
and apical four- and two-chamber views. All echocardio-
grams were independently evaluated by two experienced
echocardiographers unaware of all clinical and technetium-
99m sestamibi information . Global left ventricular systolic
function was qualitatively graded as normal or mildly, mod-
erately or severely reduced . Left ventricular segmental
anatomy was graded using standard nomenclature (8) . Seg-
mental contraction was graded using a four-point scale
analogous to the grading system for technetium-99m sesta-
mibi. In 127 patients, there was absolute agreement in the
assessment of global and segmental systolic function . In the
remaining nine patients, the final wall motion scores were
decided by consensus of the two observers . To enable direct
comparisons with technetium-99m sestamibi, echocardio-
graphic studies were then scored by using the same nine-
segment scoring system used to score technetium-99m ses-
tamibi images. These data were recorded on a standard data
form by a research assistant .
Statistical analysis. Agreement for global and segmental
wall motion scores was expressed as absolute agreement and
by using a kappa analysis that examines the agreement
beyond expected chance. For kappa analysis of technetium-
99m sestamibi versus echocardiography and for Observer I
versus Observer 2, the first set of scores by Observer I was
used . Agreement was determined for the four-point qualita-
tive grading system described earlier as well as for a two-
point grading system where normal was grade 0 and abnor-
mal was grade >0. Segmental kappa values were compared
by using pairwise two-tailed Z tests .
Results
Intraobserver and interobserver agreement. Repeated
measures of global and segmental left ventricular myocardial
contractility by gated technetium-99m sestamibi cardiac
imaging showed a high degree of agreement for the same and
different observers (Table 1) . For the same observer, assess-
ment of global function showed a 0 .99 absolute agreement
for normallabnormal scoring and 0 .96 for the four-point
scoring, with a kappa value of 0.89 to 0 .95 (p < 0 . 1) .
Segmental absolute agreement was also very high for both
scoring methods, ranging from 0.92 to 0.99, with a corre-
sponding kappa value of 0.72 to 0 .93 (p < 0.0000I) . For the
segmental four-point scoring, agreement was significantly
higher for the septum than for the apex on the lateral
projection (p < 0 .05). No difference in kappa values was
seen among segments for normal/abnormal scoring.
For different observers, assessment of global function
showed a 0 . -0.99 absolute agreement for the four-point
and normal/abnormal scoring systems, with a kappa value of
0.96 (p < 0.00001). Segmental absolute agreement was also
very high for both scoring methods, ranging from 0.96 to
1 .00, with a corresponding kappa value of 0 .87 to 1 .00 (p <
0.00001). No difference in kappa values among segments
were seen for either scoring method .
Comparison with echocardiography . Global left ventricu-
lar contracillefunction . The agreement between technetium-
99m sestamibi myocardial imaging and echocardiography for
global left ventricular contractile function is displayed in
Tables 2 and 3 . For discriminating between normal and
abnormal global function, technetium-99m sestamibi showed
an extremely high agreement with echocardiography, with
an absolute agreement of 0.98 and a kappa value of 0 .93 (p <
0.00001). For scoring global function on a four-point scale,
absolute agreement remained very high at 0 .96, with a kappa
value of 0.90 (p < 0 .00001) . Of note, all but one disagreement
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Table 1. Agreement of Repeated Measures of Global and
Segmental Left Ventricular Contraction for Same and
Different Observers
Observer I
	
Observer I
vs . Observer 2 vs . Observer 2
Absolute Kappa Absolute Kappa
Agreement Value Agreement Value
Normal vs . Abnormal Grading
LAO = left anterior oblique, LV = left ventricular .
between technetium-99m sestamibi and echocardiographic
global function scores were a one-grade difference .
Segmental left ventricular wall motion . Agreement be-
tween technetium-99m sestamibi myocardial imaging and
echocardiography for segmental wall motion is displayed in
Tables 2 and 4 .
For distinguishing between normal and abnormal wall
motion, technetium-99m sestamibi showed a high agreement
with echocardiography, with an absolute agreement ranging
from 0.95 to 1 .00 and corresponding kappa values of 0
.83 to
1 .00 (p < 0 .00001 for all) . There was no significant difference
among kappa values for all segments . For pooled segments,
technetium-99m sestamibi agreement with echocardiography
for distinguishing abnormal from normal segmental contrac-
tion was not significantly related to segmental uptake scores
(Table 5) .
For scoring segmental wall motion on a 0 to 3 scale,
absolute agreement ranged from 0 .93 to 0
.99, with corre-
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Table 2. Agreement Between Gated Technetium-99m Sestamibi
Myocardial Imaging and Echocardiography for Assessing Global
and Segmental Left Ventricular Contraction
Abbreviations as in Table I .
sponding kappa values of 0 .79 to 0.98 (all p < 0 .00001). The
large majority of disagreements between technetium-99m
sestamibi and echocardiographic segmental wall motion
scores were only a one-grade difference (43 f87%] of 49)
(Table 4) . Segmental kappa values were significantly higher
for the inferoapical (left anterior oblique projection) and
apical and posterior (anterior projection) segments com-
pared with the inferior (lateral projection) and posterior (left
anterior oblique projection) segments . For pooled segments,
kappa values were not significantly related to myocardial
perfusion scores when wall motion was graded from 0 to 3,
although there was a trend toward less agreement when
severe perfusion defects were present (Table 5) .
Table 3. Comparison of Global Left Ventricular Contraction by
Technetium-99m Sestanibi Versus Echocardiography
Normal vs . Abnormal
four-Point Grading ne€hod (0-31
Normal vs . Four-Point
Abnormal Grading Method
Absolute Kappa Absolute Kappa
Agreement Value Agreement Value
Technetium-99m Sestamibi
Echocardiography
Normal
Abnormal
Normal
107
0
Abnormal
3 26
Technetium-99m Sestamibi
Echocardiography
0 1 2 3
0 107
0 0
0
1 2
7
1 0
2 1 0 10
0
3
0 0
1
7
Global LV function (n = 136) 0 .98
0.93 0 .96 0 .90
Segmental LV function (n = 136)
LAO projection
Septal segment
0 .99 0.95 0 .95 0 .85
Inferoapical segment 0 .99 0.98 0.99
0.%
Posterior segment p .97 0.87 0 .94 0.75
Left lateral projection
Anterior segment 0 .99 0.92
0 .96 0.81
Apical segment 0 .99 0.97 0 .99 0 .94
Inferior segment 0 .96 0 .89 0 .93 0 .79
Anterior projection
Anterolateral segment 1 .00
1
.00
0 .98 0 .87
Apical segment 1_00 1 .00 0 .99 0 .98
Inferior segment 0 .95 0 .83 0 .99
A . 9'?
All pooled segments (n = 1,224)
0 .98
0 .93 0 .96 0 .86
Global LV function
Segmental LV function
LAO projection
Septal segment
tnferoapical segment
Posterior segment
Lateral projection
Anterior segment
Apical segment
Inferior segment
Anterior projection
Anterolateral segment
Apical segment
Inferior segment
1199
0
.98
0.96
0.99
0.98
0 .96
0 .98
0.98
0 .97
0 .97
0.95
0.93
0 .87
0 .93
0 .88
0 .81
0 .93
0 .87
0 .89
0 .89
0.99
0 .98
0 .99
0 .99
0 .99
0 .98
0 .98
0 .99
0 .99
1 .00
0 .96
0.93
0 .99
0 .93
0
.92
0.90
0.93
0.96
0.97
1 .00
Four-Point Grading System (0-3)
Global LV function 0
.96 0.89 0 .98 0.96
Segmental LV function
LAO projection
Septal segment 0 .97
0 .92 0.96 0.89
Inferoapical segment 0 .92
0 .78 0 .99 0.96
Posterior segment 0
.96 0.83 0 .913 0 .90
Left lateral projection
Anterior segment 0 .98 0 .84 0.98
0 .88
Apical segment 0.93 0
.72 0.97 0 .87
Inferior segment 0
.96 0.90 0 .98 0 .93
Anterior projection
Anterolateral segment 0.98 0.87 0 .99
0 .96
Apical segment 0 .95
0 .82 0 .99 0 .95
Inferior segment 1 .93
0.74 0 .97 0 .90
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Table 4. Comparison of Segmental Left Ventricular Contraction
by Technetium-99m Sestamibi Versus Echocardiography (Pooled
Segments, n = 1,071)
Normal vs . Abnormal
Echocardiography Normal
Abnormal
Normal 1,019
6
Abnormal 16
183
Four-Point Grading Method (0-3)
Technetium-99m
Sestamibi
Perfusion Imaging
Uptake Scores
0 (normal)
(n = 1,0461
1(mild defect)
(a = 55)
2 (moderate defect)
(n = 99)
3 (severe defect)
(n = 24)
Technetium-99m Sestamibi
Discussion
Technetium-99m sestamibi has been recently introduced
as an alternative radiopharmaceutical to thallium-201 for
myocardial perfusion imaging . It has several imaging advan-
tages ovar thallium-201, including a higher intrinsic energy,
leading to less attenuation, and a more favorable dosimetry,
allowing a dose 10 to IS times greater to be given . As a
result, myocardial counts are markedly improved compared
with thallium-201, and images can be collected in a gated
mode to potentially allow assessment of global and segmen-
tal ventricular function. Technetium-99m sestamibi myocar-
dial perfusion imaging has been shown to have a sensitivity
and specificity for coronary artery disease comparable with
thallium-201 imaging (2,9-12). The ability to simultaneously
provide information with regard to global and segmental
ventricular function in addition to perfusion would be an
important advantage over standard thallium-201 perfusion
imaging. However, the reproducibility and accuracy of
technetium-99m sestamibi imaging for measurement of ven-
Taut- 5. Relation Between Kappa Values for Technetium-99m
Sestamibi/Echocardiography and Technetium-99m Sestamibi
Perfusion Imaging Uptake Scores
Technetium-99m Sestamibi/Echocardiography
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tricular function have not been compared with standard
approaches for assessment of ventricular function, such as
echocardiography .
We found that global and segmental left ventricular
systolic function determined from gated technetium-99m
sestamibi planar imaging agreed extremely well with echo-
cardiography. Agreement was particularly high for assessing
global contractile function. Even for segmental wall motion,
technetium-99m sestamibi results agreed very well with
those of echocardiography, although some differences were
observed among the various segments . Furthermore, we
found a high degree of interobserver and intrrobserver
agreement for global and segmental left ventricular systolic
function. Therefore, gated planar technetium-99m sestamibi
myocardial imaging can provide information with regard to
global and segmental contractile function very comparable
to that obtained with two-dimensional echocardiography .
Limitations of the study. Some of the disagreements
observed between the two approaches for assessment of
segmental wall motion probably reflect differences in planar
versus tomographic (echocardiographic) technique . Given
this intrinsic limitation, it is remarkable how well planar
technetium-99m sestamibi imaging agreed with echo-
cardiographic global and regional ventricular function . It is
likely that single-photon emission computed tomographic
technetium-99m sestamibi imaging would show an even
greater agreement.
In addition, evaluation of segmental wall motion by gated
technetium-99m sestamibi imaging may be difficult when
segmental uptake is markedly reduced owing to hypoperfu-
sion or even attenuation artifacts . The limitation in counts
would be expected to increase error in grading the degree of
wall motion abnormality . Although we found a trend toward
lesser agreement with echocardiography for segmental wall
motion graded 0 to 3 when technetium-99m sestamibi perfu-
sion defects were severe, this finding did not reach statistical
significance, perhaps because of the relatively small number
of segments with such a high grade defect (Table 5). For
distinguishing abnormal from normal segmental contraction,
technetium-99m sestamibi agreement with echocardiography
was not significantly related
to
perfusion scores, although
there was actually a trend toward better kappa values when
perfusion defects were severe or r aderate compared with
normal perfusion (Table 5) . This finding may reflect the
likelihood that segmental contraction abnormalities when
present would be less subtle when perfusion abnormalities
are severe, resulting in easier detection with technetium-99m
sestamibi imaging and, hence, in a greater degree of agree-
ment with echocardiography . In addition, it may reflect a
bias of the reader toward interpreting wall motion as abnor-
mal when perfusion defects are severe because the reader
sees 'the perfusion abnormality at the same time .
Although some of the high degree of agreement that we
observed between echecardiograp' .,c and technetium-99m
sestamibi data may be explained by the large number of
normal segments and global function in our cohort, agree-
Technetium-99m Sestamibi
Echocardiography
0 1 2 3
0 1 .019
6 0 0
1 16
110 3 0
2 0 13 37 0
3 0 6 5 9
Normal vs . Abnormal
Four-Point Grading
Method (0-3)
Absolute
Agreement
Kappa
Value
Absolute
Agreement
Kappa
Value
0.98 0.87 0 .97
0 .81
0.96 0.93
0 .91 0.84
0.99 0.98 0
.89 0.83
1.00 1 .00
0 .83 0.72
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meat was very high even among the 205 abnormal segments
(Table 4). Furthermore, from a clinical perspective it is
important to acknowledge that results of technetium-99m
sestarnibi imaging and echocardiography agreed very
strongly on what normal global and segmental ventricular
function was .
Finally, it is important to note that gated technetium-99m
sestarnibi images were obtained 11 h after stress . Because
technetium-99m sestamibi washes out very slowly from the
heart and shows no significant redistribution (13,14), uptake
at l h will still reflect perfusion at peak stress . However,
gated wall motion will reflect rest left ventricular function at
the time of image collection. Therefore, it is likely that any
ischernia-induced ventricular dysfunction that develops dur-
ing stress will resolve by the time that gated technetium-99m
sestamibi imaging is obtained . However, it is possible that in
the setting of ischernia, myocardial stunning may occur that
persists at the the of image acquisition, and technetium-
99m sestatnibi segmental wall motion on stress images may
not indicate true nonischernic rest function .
Conclusions. Gated planar technetium-99m sestamibi
myocardial perfusion imaging provides information with
regard to rest global and segmental left ventricular systolic
function that is highly reproducible and agrees very well with
two-dimensional echocardiography . Such information may
have important clinical applications with regard to progno-
sis, myocardial viability and therapeutic interventions . Such
applications await further investigation .
We thank Sheila Weaver for assistance with the statistical analysis of the data
and Marcia Dubuque for expert secretarial assistance in the preparation of this
manuscript
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